An acid protease inhibitor (S-PI) accelerated the growth of Rhodotorula glutinis. This acceleration of the growth was observed only when the pH of the culture fluid lowered during the cultivation, but was not observed when the pH of the culture fluid was adjusted to 2.8 with NaOH. The increase in number of cells was closely related to cell deaths. The cell deaths were observed in an active growing state but not in a resting state. S-PI increased the DNA, RNA and protein content in the cell and decreased the lipid, especially the phos pholipid content. When the yeast was cultured in an acidic medium having an initial pH of 1.8 in the presence of S-PI, the decrease of the phospholipid in the cell preceded, followed by the leakage of potassium ion, UV absorbing materials and free pool amino acid from the cell which were accompanied with the cell death. On the basis of these results, physiological changes occuring in the yeast cell are discussed.
Measurement of leakage of intracellular materials a) Potassium ion. The cells were cultivated in the basal medium, harvested by centrifugation, washed 3 times with deionized water and transferred to the basal medium of pH 1.8 containing NaH2PO4 instead of KH2PO4, and the amount of potassium ion released into the culture filtrate was measured by atomic ab sorption analysis. 
RESULTS
Effect of S-PI on the growth of Rh. glutinis K-24 Figure 2 shows the growth curve of Rh. glutinis K-24 in the presence and absence of S-Pl. In the S-PI-free medium, the cells were grown until their number reached 1 x 109/ml, and the cell viability was maintained at almost 100% during the cultivation. In the S-PIadded medium, the total number of cells was remarkably greater than that in the S-PI-free medium. However, cell viability began to decrease after 24 hr, reaching about 2% in 48 hr to 96 hr, of cultivation.
The decrease in cell viability and the increase in total number of cells were closely related to the decrease in pH of the culture fluid. When the pH was controlled with NaOH, to remain at its initial level (pH 2.8) throughout the cultivation, this phenomenon was not observed. Results are indicated as follows:
The cells of Rh. glutinis K-24 contained about 30 to 35% of protein, 30 to 35% of carbo hydrate (included cell wall), 12 to 15% of lipid, 9 to 10% of RNA and 4 to 5% of ash, and these values were constant throughout the culti vation in the S-PI-free medium. The addition of S-PI into the medium notably decreased the cellular components of lipid, phospholipid and free pool materials. These decreases were parallel to the drop in cell viability. The pro tein, DNA and RNA contents of the cells in the S-PI-added culture were higher than those of the cells in the S-PI-free culture.
Lethal effect of S-PI in low pH S-PI had a lethal effect on yeast cells and induced an increase or a decrease in cellular components. The cell deaths seemed to occur when the pH of the broth lowered beyond 2.5, as shown in Fig. 2 . Thus the effect of pH on the cell deaths in the S-PI-added medium was examined. The cell deaths in the medium of pH 1.8 occurred more rapidly with several hours of time lag than those in the medium of pH 2.8. In the S-PI-free medium of pH 1.8, the lethal effect could not be observed. The viable cells slowly decreased after 24 hr in the S-PI-added medium of pH 2.8, as described above. This difference in time lag should be due to the pH of the medium. On the other hand, no cell death occurred when the cells were in a resting state in which peptone was omitted from the basal medium. Therefore the cell deaths induced by S-PI seem to be amino acid contents in the cells at pH 1.8 with or without S-PI. The free pool amino acid and the cell viability decreased in parallel with some hours of time lag, while phospholipid decreased prior to the cell deaths. The changes in phospholipid composition were also analy zed, and the results are shown in Fig. 6 . Phos phatidyl ethanolamine phosphatidyl choline and phosphatidyl serine decreased more rapid ly than phosphatidyl inositol and caldiolipin.
Leakage of potassium ion and UV absorbing materials Phospholipid is the main component of bio logical membrane. Thus, the decrease of phos pholipid induced by S-PI seemed to cause some structural change in this membrane system. Therefore, the leakage of potassium ion and UV absorbing materials from the cells was investigated at pH 1.8 with and without S-N. The leakage of these materials was observed in considerable amounts, and the time pattern of their leakage was very similar to that of free pool amino acid shown in Fig. 5 . The results suggest that S-PI caused some changes in the cytoplasmic membrane of yeast.
Effect of S-PI on the growth of Candida japonica IFO 1119 As described above, it was evident that the acceleration of the growth of Rh. glutinis by S-PI was closely related to the decrease of phospholipid, content of the cell and to the cell deaths. To elucidate whether these phe nomena could be observed in any other yeast, Candida japonica IFO 1119 whose growth was accelerated by S-PI211 was cultured in the pre sence and absence of S-PI. The results are shown in Fig. 7 . S-PI accelerated the growth of C. japonica at pH 5 to 6. Moreover, de creases in cell viability and phospholipid con tent were observed at these pH. Therefore, the acceleration of the growth of C. japonica was also closely related to the decrease of phospholipid content in the cells and to the cell deaths.
DISCUSSION
An acid protease inhibitor, S-PI, accelerated the growth of Rh. glutinis K-24. By the ad dition of S-PI into the medium, the total number of cells in the culture slightly increased after 48 hr of cultivation and became twice as large as that in the S-PI-free culture after 96 hr of cultivation. In the S-PI medium, the number of viable cells began to decrease after 24 hr, eventually to only 2% of the total number of cells in 48 hr. These results indi cate that the rate of cell budding in the S-PIadded culture was abnormally high and budded cells died rapidly. The drop in culture pH was essential for this abnormal acceleration of the growth.
S-PI caused quantitative changes in intra cellular composition. Protein, DNA, and RNA contents of the cells in the S-PI-added culture were greater than those in S-PI free culture. This result seems to indicate that the acceleration of budding of the yeast by S-PI was related to the metabolism of nitrogen compounds, such as protein, DNA and RNA.
S-PI was found to have a lethal effect on Rh. glutinis K-24 at pH 1.8. When the yeast was cultured at pH 1.8 with S-PI, the phos pholipid content in the cells was rapidly de creased and then intracellular materials, such as potassium ion, amino acid and UV absorbing materials leaked from the cells. Therefore, S-PI seemed to inflict some damage on the 
